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KELSEA
AN INTERACTIVE COMPUTER CODE
FOR
KELVIN AND RANDOM AMBIENT SEA WAVES

I. INTRODUCTION

In many ocean engineering applications it is of interest to generate a spatial realization of a given
random sea state from an experimentally derived or analytical wave spectrum. Such two dimensional
spatial realizations can be used to model the wave elevations around a large offshore structure or to
model the interaction of these waves with ocean currents and/or ship waves.

There is a reasonably large number of studies in the literature on the general approach for gen-
erating spatial realizations of random ambient sea waves as a double sum of sinusoidal components
from a given energy spectrum. The general approach is relatively simple and it is briefly discussed in
the following section of this paper. Detailed descriptions of the general approach can be found in [1]-
{3]. Although the basic approach has been well documented, its manner of application has varied
widely. For example, the number and assigned location of the components required to obtain a random
ambient sea state are not always clearly stated and a trial and error process is often used to obtain the
wave elevation signal.

The present paper addresses the specific ways of implementing the generalized approach and
theory for generating a random ambient sea, based on the approach given in [3]. It has been shown in
this reference that relatjvely few components are required to obtain sea states which visually and statist-
ically approximate those for a random sea. °

The Kelvin waves generated by a ship traveling at constant forward speed are obtained by using
the complex elevation spectra, which can be calculated by the computer program KELVIN [4]. The
particular method used to calculate the Kelvin wave elevations over a rectangular grid is described in
some detail and the linear superposition of the Kelvin and ocean waves is also discussed.

The mathematical model has been implemented in a computer program which is described in the
last section. Examples of selected cases of random ambient sea states are given as representative exam-
ples in the same section. Furthermore, examples are also given for the superposition of Kelvin waves
with ambient sea waves.

II. MATHEMATICAL MODEL

The development of random sea state realizations is based on expressions which involve a triple
sum over the wave number k, frequency w, and direction 6. If one neglects the nonlinear interactions
between wave components, the following expression for the wave elevation n(x, z) can be derived
from the disperson relation between wave number and frequency

N M
n(x,2) = ¥ A4, coslk,(x cosd, + z sind;) + ¢,] n

il

where x and z are respectively the coordinates parallel and normal to the predominant wave direction,
Aj; is the amplitude of the (i, j)th wave component, S(w,, 8,) is the value of the energy spectrum, @

Manuscript approved June 30, 1986.
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is the wave direction measured from the X-axis, k = w,-’/g is the wave number for deep water and b,
is a random phase angle uniformly distributed between ¢ and 2w. For the case where S(w, ) is the
energy spectrum, A;; is given by

E

where Aw and A@ are increments of w and 6, respectively. This term should be treated correctly in
order to avoid errors of a factor of two in the wave elevations. In the present study all spectra are
given in terms of energy, which is consistent with Eqs. (1) and (2) and it is assumed to have the com-
monly used separable form

S(w, 8) = S,(w) G(0) 3)

LSy Y o LRI

Ca
o
where §,(w) is the frequency spectrum and G(8) is the spreading function which must satisfy the 9
equation A
e =
I Gc@as=1 (@) e
-7 LN
n’ " D"'
~ A
KN Three widely used frequency spectra are presently considered: the Pierson-Moskowitz, the i
Jonswap and the Neumann. A fourth one, the Bretschneider, which is a subset of the Pierson- [ ot
Moskowitz, is also included in the computer program as a special case. In their most general form the ',-.j-.':-c:
3’ first two are functions of the wind velocity and they are comparable to the Neumann spectrum if only »}_".—“
yl forms appropriate to fully developed seas are considered. To conform with this requirement an expres- -~ :-f.--"
': sion for the three spectra may be written in the following form ‘_" :
. i~
S, = A oBrum 330 ) o
) @™ N
: . N,
:: where 3.3 is a mean enhancement factor and the values of the other parameters for each of the spectra p:'.,t
'_: are given in Table 1, where wy is the peak frequency given by {\} -
3 S
N ALY
' wp = 8771632 (g/VU) (6) o
. @,,
. and o is equal to 0.07 for o < w( and equal to 0.09 for w > wy. ::_,.:-
- Ay
. -\.'_',,s
. Table 1 et
: o2
» Pierson- Jonswap Neumann .-.
Moskowitz o
: A 0.0081*G**2 0.0081*G**2 33.1*n/4
N B | 0.74*G**4/U**4 | 0.74*G**4/U**4 | 2*G**2/U**2
o m 5 5 6
- n 4 4 2
~lw-w 2 Zw

P Tl

A number of similarities exist among the three frequency spectra as well as some distinct differ-
ences. The Pierson-Moskowitz and Jonswap spectra are similar but with a significant exception that the
Jonswap is more sharply peaked in the region of the peak frequency w. The Neumann spectrum differs
from the other two in that the values for the parameters m and n are different. The Bretschneider
spectrum has the same values as the Pierson-Moskowitz for the m, n and ¢, but it differs in the values
for A and B.

Several types of expressions can be found in the literature for the spreading function G(8). A
relatively simple yet reasonably accurate expression for this function is the widely used cosine squared
function given by '
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where v is the coefficient which determines the range of 8 over which the energy of the wind is spread.

The simplest and most popular form for G(8) is to let » = 1. In this form, the wind is assumed to

generate waves in all directions which are within +90 degrees from the wind direction. Values of y =

3/2 and v = 3/4 correspond to spreadings of +60 degrees and + 120 degrees respectively.

The definitions and specification of the frequency spectra and spreading function are required for
the calculation of the wave amplitude coefficients A4;;, which are given by Eq. (2). The last parameters
requi.zd by Eq. (1) are the values of the x and z coordinates. These are specified by defining a rec-
tangular grid over the sea surface, which is described in the following section. Then, at each of the grid
points the sea surface elevations are calculated by using Egs. (1), (2), (5) and (7). These equations
together with the parameters of Table 1 have been implemented in the computer program KELSEA for
calculating the wave elevations for random ambient sea waves.

III. SUPERPOSITION OF AMBIENT AND KELVIN WAVES

The Kelvin wave elevations £(x, z) are obtained by taking the inverse Fourier transform of the
complex wave amplitude spectrum A4 (u) calculated by the program KELVIN (4).

k * —ikg(sx
£, 2) = 7 2oRe [ Ae " ay ®
T —w0

where u = k,/ kg is the dimensionless lateral wavenumber, s = k,/k, is the dimensionless longitudinal
wavenumber, kg = g/ U**2 is the fundamental wavenumber and Re represents the real part of the com-
plex integral. The Kelvin waves are calculated for a coordinate system fixed to the ship and with its
origin at the forward perpendicular. The x and z coordinates are in the longitudinai and lateral direc-
tion respectively and on the horizontal plane. The integral in Eq. (8) is calculated for evenly spaced
values of the dimensionless wavenumber u. The values of x and z are chosen to lie in the rectangular
grid, with equal spacing in each direction. The extent of the grid in the lateral z direction is equal to
2xq, (£ Ag) on either side of the x axis, where Aq is the fundamental wavelength given by

2m _ 4nl?
ko g
Noting that the cusp line of the Kelvin waves form an angle of 19.5 degrees with the x axis, the
required extent of the grid in the x direction, X,,, is simply given by
Ag
Xy =————
M tan(19.5)

Ao = 9

(10)

The computer program KELSEA has the options of generating the ocean and Kelvin wave eleva-
tions separately or a superposition of the two. In performing the superposition, it is of interest to note
that the ocean waves resulting from Eq. (1) are generated for a coordinate system which is fixed in
space while the Kelvin waves are generated for a coordinate system which is fixed to the ship. In the
general case where the wave elevations are functions of time, they would differ in the two coordinate
systems since the wave frequencies encountered by a moving ship are different from those experienced
by a stationary one. However, in the present case, time is not a variable since the Kelvin waves
expressed by Eq. (8) are steady in the moving coordinate system and the ocean waves expressed by Eq.
(1) represent an image of the ocean surface at a particular instant of time, say + = 0. Consequently,
direct superposition of the waves is permissible, without the need to account for the difference in the
velocities of the two coordinate systems.

Finally, the case of ambient waves with the wind direction at an aingle 8, with the x-axis, is con-
veniently treated by simply substituting 8’ = @ + @, in Eq. (1). Example: of ambient ocean waves for
different wind directions are presented in the next section.
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1V. COMPUTER PROGRAM

The mathematical model discussed in the previous sections has been incorporated into the com-
puter program KELSEA. The major tasks performed by this program are discussed in this section as
well as the structure of the KELSEA program. Furthermore, the interactive capabilities of the program
are demonstrated by a typical example run and calculated results for certain input parameters are also
given.

The KELSEA program is designed to perform three functions: a) It performs the random
ambient sea state calculations according to specifiec = »ut parameters, b) It computes the free surface
elevations for Kelvin waves from a pre-calculated sr .tral file, and ¢) It superimposes the surface eleva-
tions for a Kelvin wave and the ambient sea wav' .. The superposition is a linear point to point super-
position and should not be interpreted as an intzraction between the sea waves and the Kelvin wave.
The code is written in FORTRAN-77 and uses menus and inquiries to enhance its use and it is
currently operating in a number of computer systems such as the HP-1000, HP-9000 and VAX 11/780
systems. The modular structure of the computer program is shown in Fig. 1.

KELSEA
[
[ | ] 1 | 1 1
MENU READ_ | | SURFACE KELVIN Seaz0 | | wRiTE || KELVIN_
FILE _GRID _WAVE _FILE || AND_SEA
€OSQsSP SEA_ WRITE
MENU FILE
SURFACE
_GRID

Fig. | — KELSEA computer program diagram

KELSEA is programmed to perform three independent functions. Each function is directed by a
program menu. The first menu item is the Kelvin wave heights calculations. lllustrated below is the
program flow diagram for calculating the free surface elevations of the Kelvin waves.

KELVIN SURFACE KELVIN WRITE
FILE GRID WAVE FILE
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This task requires the input of a Kelvin spectral file, which is created from the KELVIN program.
First, the free surface grid is generated in the SURFACE_GRID routine. Then the surface elevations
for the Kelvin waves are calculated in the KELVIN_WAVE routine and the resulting output data are
stored in a file for plotting.

The next task on the menu is the sea state calculations. Its input data is program-generated based
on user specified parameters and spectrum type. It is important (o note here that for every Kelvin
spectral file there must be a sea state calculation corresponding to the same surface grid in order to
correctly superimpose the calculations. The reason is that velocity will vary for every Kelvin spectral
file and the grids will be dimensioned differently. Once the surface grid is created and the sea state
elevations are computed in the COSQSP routine, the results are written into a file by the WRITE_FILE
routine. The following diagram shows the program flow of the sea waves calculations.

SEA2D SEA_MENU = COSQSP WRITE_FILE

The third task performed by the KELSEA program is the linear superposition of the Kelvin wave
and sea state calculations.

KELVIN_WAVE
RESULTS

KELVIN_AND SEA b—=- WRITE_FILE

SEA_STATE
RESULTS

This task requests for two input files: the Kelvin wave surface elevations data file and the sea wave
elevations data file. These two files must be created before the linear superposition of the two can be
performed. The previous tasks explained above generate the output files that can b used as the input
here. The computations take place in the KELVIN_AND _SEA routine and the resuits are written into
a file by the WRITE_FILE routine. Any of these output files can be plotted by the PLOT3D program
[5] as three dimensional surfaces.

The three tasks for the KELSEA program are controlled by the program main menu.

The user is requested to make a selection from the program menu as illustrated helow.

ERRERREREE SR KK MENU BREEREERERREE KK
L ¥
** Select Item by Number >
L 2] **

x& %

(1) Kelvin Wave Calculations

**  (2) Sea State Calculations *
**  (3) Superposition of (1) & (2) **
** (4) End of Calculations **

** Specify Menu ltem
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IV.1 Kelvin Wave Calculations

To run the Kelvin wave calculations enter the corresponding number.

** Specify Menu Item 01

e
The program will inquire for the name of the Kelvin spectra%ﬁ%ead and stored for
calculations.

AERREEEERERRARRRERRRRRERERER SRR KRR KRR ARk b REEERERE KRR R SRS

ile from which rrax

this Program will Read the Input Data wEax
**** File Name :KELVIN.DAT

**** Specify the Name of the Data

.k ok

#.
a

T L L A SEN S OO LS

PR
- The description of the file contents are printed on the screen as follows :::;:::"
. AT
E Data Read from File : KELVIN.DAT RSN
* e e e
s [E RN
l Velocity (Ft./Sec.) = 30.000 |
. Characteristic Wave # = .04 '.':':"-'.. Y,
N Y Dist to P Symmetry = 0.00 .‘.~;.';:.‘:_
-~ Displacement (Tons) = 34461.18 r‘.:-:-,::
: Waterline Length (Ft.) = 300.00 -:-:-;: N
> Wet Surf (Ft.**2) = 1041.00 ISR
» L Center Buoy. (Ft.) = —~136.56 I
;} # of Pos. Wave Nos. = 350 ;;\"'
E: 2 Hulls? (Y=1/N=0) : 0 “nle
MUY

! :ﬁ-:x
5 The next input required by the program is the number of points for the rectangular grid in the X '::-r"

and Z directions and the starting X-coordinate for grid. Currently the axes origin is at the forward per- ’ N

pendicular with the X-axis along the ship length taken as negative and with the starting position equal A
K to a ship length. The user has the option of using the default values given or define new values for the B
- number of points. In this case, enter the default values. SRR
:: EREREEEERE R R R AR R R AR AR R R R R R KRR AR KRR AR RN kR RNk t .-‘
;' **++ Specify the Number of Points for the Surface rEar A
i **** Grid in both X- and Z- directions. b .r':',t
" **** Default values are NXPOINT=61, NZPOINT =41 raex RN
A A
" **** NX-POINT =61 AR
r **** NZ-POINT =41 -{\""-:;-\
EY ',\'. .
E’ EERKEEKKRKKEERERF R TR RER KRR R R R Rk RE kR Rk Rk a kKKK f:’;-':
L **** Specify the starting value in the X direction ¥awe - {
o **** for the rectangular grid in (fU). The default Frex

**** value is equal to the Ship Length. XMIN =

“ NG W e T E S AN SRR TR ANNTTT KT T T T

&4
r\.’\ .l

Once the surface grid has been defined, the program computes the free surface heights for the
Kelvin wave. After the calculation process is completed, the next step is to write the results to a file.
The program indicates the type of results which are to be saved as follows

>>>>>>>>>> KELVIN WAVE OUTPUT FILE <<<<<<<<<<L

and it requests for a name of the output file to save the results.

»
-‘l.
»
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>
! ‘tt‘t###t‘.#t#t#t#‘*‘“U#ltt‘.‘llt#**t#ﬁt#‘tl#tt#‘*l#ttt‘t“ o ';"f‘i
h **** Specify the Name of th. Data File For Storing i :‘.:-‘_:‘-:::\
**** the Output Results for Plotting xres PN
**** File Name :KELPLOT.DAT e N
The resulting information about the file just created is written on the screen, which concludes the :g:_'-.:p.:
task processing for the Kelvin wave calculations, and the program returns to the main menu. :::: _'_:.:',:.r'
Data Written to File : KELPLOT.DAT SN
MRS
NX_POINT = 61 AN,
NZ POINT = 41 A A8
1V.2 Sea State Calculations
The program menu appears on the screen for the user to make another selection. To calculate the
sea state elevations enter the corresponding number (2) to the menu inquiry. "Q s
. The following notice is displayed on the screen reminding the user that a corresponding Kelvin :::-':'.-j‘{::::
3 file must exist for the same grid dimensions and velocity. :-"\' N
. EERAERARE XX EE SRR B AR AR BN R R R AR B R N S R R R R RN X ES {
\ *=*s» NOTICE: T
. ****  This task requires that a Kelvin b
3 s*++  spectral file has been read to i
****  determine the parameters needed bt
’ ****  for the surface grid calculations. saes
s **** If a file is not available you will s
****  be asked to specify the dimensions  ****
****  of the physical space for the rere DRI K
****  gea state calculations. i ::;-:f.‘
', sess 1332 J-::.r:(:.-._
CEEFSCE L XNV EESEEBENFENERDEL R LR AR AR X R AEERSEERRERR ¢~'.~I'\|‘.\
AN
"-(\( "
SR QR Lt AN
The next request by the program is the specification of the spectrum type One of the options ‘Q‘ oo
given below is selected by entering the corresponding number. :::‘_.:r‘-'_\_
r:'.'".-::-:'
**  speafy the Spectrum Type LNy
**  for the Sea State Calculations :::.-::p";\-
» **  Input (1) for PIERSON-MOSKOWITZ ke
- s (2) for JONSWAP
b (3) for NEUMANN ;\~
i (4) for BRETSCHNEIDER RN
**  Speaify the Approwate Spectrum - 1 e
NN
3 . The inquiries below are prompted one at a time in order 1o specify the appropriate value. ST
[ Ca
. ** For 60 Deg.. Spreading index = 1.50 ** )
) **  For 90 Deg., Spreading index = 1.00 ** o ‘
. **  for 120 Deg., Spreading index = 0,75 ** ‘tt
**  Specify the Spreading Index (ge .5) : 0.5 f:-'.*

* &

Specify the Seed Number
8 **  for Random Phase Angle (ISFED.GLE1Y @]



**  Specify Wind Speed [S.S. 3 = 16 Kts] : 16 o

**  Specify the Wind Direction KON

**  with respect to the X-axis in deg. : 45 :,'
.
**  Specify the Number of Wave o

**  Frequencies (1 to 101) : 10

..\".
'
0

4 5

%
£

L

**  Specify ZERO (0) for Equal ASW
**  or ONE (1) for Equal Delta Freq. : 0

L4
4

h)
i

l:‘:
YN
fs ]

The next input required by the program is the number of points for the surface grid calculations °
and the starting value in the X direction.

X

B ¥

VRS RERRERE B XS AR LR XA SR AR SR A SR XU R LB 4SS A ES R R AL ES XSRS XS BEENRES

**** Specify the Number of Points for the Surface B
**** Grid in both X- and Z-directions. e
**** Default Values are NX_POINT=61, NZ POINT=4] ****
**** NX-POINT =61
**#+* NZ-POINT =41

EEXREREEEEEXE RS ERXBERERE R XSS R R R R R SR E AR AR R KRR AR AR A A RS EE N R R

**** Specify the starting value in the X direction R

**** for the rectangular grid in (ft). The default raae
**** value is equal to the Ship Length. XMIN =

If the user were to calculate the sea wave elevations only, then the inquiries below would be
made. Since in the current example a KELVIN file was read, the program will use that information for
the actual dimensions of the surface grid. Remember that the surface grid for the Kelvin and sea wave

elevations must be of the same dimension and relating to the same ship velocity in order to make a >

rational superposition of the resulting calculations. PRy
EESERERRRSRESREEA LR L AR RS R LR SRS B AR AL A S LB RS AR REEEI R RS EERAB RS '::;:t:'::;
**** Specify the Value for the Rectangular Grid i ‘.‘:-f’:-':::
**** in the X direction in ft. ( XMAX ) rous ; i\:\:
e YMAX = AT AN

EEAREXREX RS ERREREE XA XK B RSN R R R R LR R A AR R EFE R AR KR SR AR KSR R KR AN

L2 2

**** Specify the Value for the Rectangular Grid
**** in the Z direction in ft. ( —=ZMIN , +ZMAX ) ****
er ZMAX =

The above two inquiries can be used if one wishes to generate an ambient sea state independent
from a Kelvin wave.

The free surface grid and elevations are calculated for the sea state task. The output message
below indicates to the user which results have been computed and to be written to a file.

>
>>>>>>>> AMBIENT SEA WAVE QUTPUT FILE <<<<<<<< P ’.1
P:.P;'.{. K
The user is to input the file name for the sea wave results. .r:.-:.r'_'q
BERERESRRRER R R R KX ER R R RN EREN KSR E R AR R AR SRS A K KA AR DA KRG RN N S :::.-:::.'::
YA
**** Specify the Name of the Data File For Storing ~ **** Tl

14

| **** The Qutput Results for Plotting raee l'
J **** File Name :SEAPLOT.DAT




:' = 14 e Pt LU oo AL AL R RN S A R AL ARAL A L S LA AR SN E A LA u AT AR AL A g A
p v
183 i
v' - -"\)_'J,
, 1V.3 Superposition of the Kelvin and Sea Wave Elevations @
: b A YA
¥ AN
i The program returns control to the main Menu for a selection to be made. Enter the correspond- \:.\_':\:
A ing number (3) for the next task. Sl
] "-';*.';\'
t . . . - . ..' -..
There will be a message printed on the screen reminding the user that before the program contin- 3 ;‘-’5-
. ues, both data files for the Kelvin and sea wave elevations must exist, for the linear superposition to be ® _
processed. Answer the inquiry and continue. . -
3 AN
HERERRERKERRE R KRR REE R R R R AR R KRR AR R R & &E‘
A
EE L 2 2 NOTICE * k¥ \“-§
d ****  This task requires that the Kelvin  **** RN
***¥*  wave and the sea wave elevation rran -
N **+++  data files have been created. i
“~ ERkE xR
(- *++* Enter (Y) if the files exist and Fawr
: **** continue with the calculations. bt
=~ **** Or, enter (N) if the files have not xrer
**** been created and return to the rrer
X, **+** program menu to create the files. werx
. *EKK XK KK
o *¥** ENTER Y/N Y
k)
N
A . .
- The program will inquire for the names of these two data files and it will check for consistency of
B the two surface grids. If the surface grids corresponding to the two specified file are not the same an
- error message will be printed on the screen.
.l‘ AR R R R R R KRR KRR RR ARk kR Rk Rk Rk kR Rk Rk Rk kK
:: **+** Specify the Name of the Input File for the wrex
~ ***+ KELVIN WAVE Results Y
**+** File Name :KELPLOT.DAT
’ KRR R AR RN R KRR R R KRR AR R Rk R R R R Rk R X
: **** Specify the Name of the Input File for the i
:'_ *+*** SEA STATE Results i
-~ **** File Name :SEAPLOT.DAT
” The output message below indicates to the user which output results are o be stored in a file for
&, later use.
o
o
-; >>>>>>>> KELVIN/SEA WAVE OUTPUT FILE <<<<<<<<
. BEKEEERREEREREE R RRRRRRAEE AR R R R B XS R R R R R R R RSN R K
:' *+** Specify the Name of the Data File For Storing  **** YA
= **** The Output Results for Plotting e EENY
N ==t i Name :KELSEA.DAT St
v AN
' \-\p.{
Once again the program menu appears on the screen. All the tasks have been processed and the AN
user can exit the program by entering the corresponding number (4) to the inquiry. i
. :.f::.)f.ﬂ
’ V. NUMERICAL RESULTS AR
- el
:, The three output files created by the KELSEA program can be plotted as three dimensional sur- ';,'.\\
v faces. For the purpose of providing some examples of numerical results in this paper, a spectral input :{.;-.‘_\{
. file will be used. This file has been generated by the program KELVIN [4], which calculates the Kelvin e
N R
~ LN
~ 9 EAES
> .‘\:I:‘.‘
> B

‘

L
Y Y

A e

s

o



wave for a specific ship hull configuration. In this particular example the spectal file corresponds to a
mono-hull ship configuration. The relevant parameters from the input file are given in Table 2.

The resulting output files for the Kelvin wave elevations are designated as KELWAV1.DAT and
KELWAV2.DAT respectively. Similarly the output files for the sea wave elevations are designated as
SEAWAVI11.DAT, SEAWAVI12.DAT, SEAWAV21.DAT and SEAWAV22.DAT. The input parame-
ters used for generating these four files are given in Table 3.

A

r
oA

YV,

vy
5

%
‘.":‘

Table 2
Input File : KELVIN2.DAT

T
7
4

A,

[ g
oy
h".‘..)

Input File : KELVINL.DAT

&Y

Velocity (Ft./Sec.) 31.45
Characteristic Wave # .03
Y Dist to P Symmetry 0.00
Displacement (Tons) 2599.60
Strut Length (Ft. ) 300.00
S Wet Surf (Ft.**2) 15274.50
L Center Buoy.(Ft.) ~157.825
# of Pos. Wave Nos. 300
2 Hulls? (Y=1/N=0) 0

Velocity (Ft./Sec.) = 31.45
Characteristic Wave # .03
Y Dist to P Symmetry 80.00
Displacement (Tons) 5199.20
Strut Length (Ft. ) 300.00
S Wet Surf (Ft.**2) 30549.00
L Center Buoy.(Ft.) -157.825
# of Pos. Wave Nos, 300
2 Hulls? (Y=1/N=0) 1

SRR 4

e
- ‘v'_')"

o
.

Y

> .':“-l
‘f'i 'l‘ ': y
X, IA.P n'.'
'-f$/ . "’:‘

wc )
Y

V)

»

Table 3

Input file :  KELVIN1.DAT Input file
Output Fjles

¥id

KELVIN2.DAT
KELWAV2 DAT
SEAWAV2]1.DAT
SEAWAV22.DAT

“w

Output Files KELWAVI1.DAT
SEAWAVI1.DAT

SEAWAVI12.DAT

AR

¥
i »

Sea State case : ONE

Sea State case : TWQ

Spectrum Type
Spreading Index

Spectrum Type
Spreading Index

Seed Number

Wind Velocity

Wind Direction
Number of wave Freq.

Seed Number

Wind Velocity

Wind Direction
Number of wave Freq.

The files SEAWAVI1.DAT and SEAWAV21.DAT correspond o case one for the sea state.
Similarly SEAWAVI2.DAT and SEAWAV22.DAT correspond to case 2 for the sea state. The wind
velocity of 16 knots corresponds to a Sea State of (3).

The numerical results from the six output files are presented in Figs. 2-7 as follows

KELWAIL.DAT, Fig. 2
SEAWAVI1.DAT, Fig. 3
SEAWAVI2.DAT, Fig. 4

KELWAV2.DAT, Fig. S
SEAWAV21.DAT, Fig. 6
SEAWAV22.DAT, Fig. 7
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The superposition of each of the Kelvin wave elevation files with each of the four sea state files w,}.;g.,;\‘

X will result in the following output files: IATNN
NS

{.3 KELWAVI.DAT + SEAWAVI1.DAT — KELSEAI11.DAT, Fig. 8 .;j_:t:;:
" AL
pj KELWAVI.DAT + SEAWAVI2.DAT — KELSEA112.DAT, Fig. 9 PO -.';-
A St

KELWAVI1.DAT + SEAWAV21.DAT — KELSEAI121.DAT, Fig. 10 (B <

KELWAVI.DAT + SEAWAV22.DAT — KELSEAI122.DAT, Fig. 11 :1' :}“-:::

» J.
Y KELWAV2.DAT + SEAWAVI1.DAT — KELSEA211.DAT, Fig. 12 tt-\ \?
\ KELWAV2.DAT + SEAWAVI2.DAT — KELSEA212.DAT, Fig. 13 h&t‘g
KELWAV2.DAT + SEAWAV21.DAT — KELSEA221.DAT, Fig. 14 ' o _;

KELWAV2 DAT + SEAWAV22.DAT — KELSEA222.DAT. Fig. 15 "‘tj:\.:: i

" ’ . --‘:.-‘. ‘
. The plotted results of these eight files are presented in Figs. 8 through 15. These results have '_".:;'- .
been plotted with the PLOT3D computer program. PR AP

VI. CONCLUSIONS

The mathematical model for calculating ambient sea waves has been presented in this report. The
modeling and calculations of the Kelvin wave elevations and their superposition onto the ambient sea
waves also has been presented.

The computer program implementing these concepts has been described and the program struc-
ture has been discussed. A number of numerical examples have been given in order (0 illustrate the
program capabilities.

The computer program has been developed in such a way that it is simple to operate and the user
does not need to refer to manuals for exercising the program. Furthermore, the input parameters for
the sea wave calculations add flexibility to the types of Sea States that one can gencrate.
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Appendix
KELSEA Program Listing

*
*

Xz =S=zzs===s===x=2z=zzx3:s=Scz2z=sT=2=ITT2===S 123222532223, zoc2zsazc=z=zz2235=X
* *
* Revision List: *
* *
* --Date-—- --by-- -- De s cr 1 pti1on-—- *
* *
* Jun. 1985 - First Revised Version for H-P Computers, Ver. 1.0 *
* Sep. 1985 - Final Version for H-P Computers, Ver. 1.2 *
* Dec. 1985 -~ VAX Version, Ver. 1.2V *
* *
Xzo-c=z=z=xsz=z==z=zssTzzz===-==zzsz=s=z==2=gzrzsIs===s=3==TS==Tx==s===zsszz==z===z==z3z:zz2.zX
* X * %

*xxx%x Free Surface Heights Calculation for a Kelvin Wave

*xxx*x and Sea State Calculations.

* X
COMMON/BLOCK1/ X_POINT(101),2_POINT(101),Y POINT(101,101)
COMMON/BLOCK2/ CGG(1000),CGM(1000)
COMMON/BLOCK3/ U_KELVIN(1000),V_KELVIN(1000),W_KELVIN(1000)
COMMON/BLOCK4/ NX_POINT,NZ_POINT, NY_POINT,DX,DZ,GRI1D_SIZE
COMMON/BLOCKS/ VEE,AK,YSYM,DISPT,XST,Z2ST ,AREAS,CB,N_POINTS ,NSYM
COMMON/BLOCK6/ WM(101),AZ2D(101),WZ2D(101),ENF(101) ,EN(161)
COMMON/BLOCK7/ NSP,FNXP,ISEED,WVKT,THSTD,TZ,NF,1EDW
DIMENSION LBUF(1000)
CHARACTER*20 FILE?1 ,FILE2
COMPLEX CGG,CGM

CALL LGBUF(LBUF,1000)
* %

GRID_SIZE

NX_POINT

NZ_POINT

-

0.0
61
41

Default value.
Default value.
Default value.

10 CALL MENU(IDMENU)
* %
GO TO (100,200,300,500) IDMENU
100 CONTINUE

*x %
***x*% Read Spectral File for Height Calculations.
* *
CALL READ_FILE(FILE1)
* Kk
WRITE(1,'(/,5X,"Data Read trom File : ",A20)') FILE1
WRITE(1,'(/,5X,"Velocity (Ft.sSec.) =" ,F10.2,/
+ 5X,"Characteri1stic Wave #:=" F10.2,/
+ 5X,"Y Dist to P Symmetry =",F10.2 )') VEE,AK,YSYM
WRITE(1, ' '(/,5X,"Displacement (Tons) =",F10.2,/
+ 5X,“Strut Length (Ft. ) =" ,F10.2,/
+ 5X,"S Wet sSurf (Ft.xx2) =", F10.2,/
+ 5X,"L Center Buoy.(Ft.) =" F10.2)"') DISPT,XST,AREAS,CB
WRITE(1,'(/,5X,"# of Pos. Wave Nos. =",110,7
+ 5X,"2 Hulls? (Y=1/N=0) :" ,110,7)' ) N_POINTS,NSYM
19
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O \*1,
s
e 'Y}
: . &a
) x%kx%* Calculate Free Surface Elevation. A
:- xx st
: CALL KELVIN_WAVE PN
', * % . \iﬁ' 1
) *%xxk*x Store Data File for Plotting Routine. P
l *x AT
] CALL WRITE_FILE(FILE2, 'KELVIN WAVE') 0N
y * % \:\:\J‘
; NXPL = NX_POINT TN
. NZPL = NZ_POINT Q:\:\
z WRITE(1,'(/,5X,"Data Written to File : ",A20)') FILE2 e
WRITE(1,'(/,5X,“NX_POINT =",6I4,/5X,"N2_POINT =",I4)') NXPL,NZPL . ": -
GO TO 10 =
Ce
l‘ * %k .’\ .'A_
A *kkx%x Sea State Calculations. C::J:’:
{ * % .-\‘}:;\.
5 200 CONTINUE NN
* % ATy
l IERROR = 0 | JI
] CALL SEA2D(IERROR) -.;-. '
J \ g
. IF(IERROR.NE.0) GO TO 10 N
. CALL WRITE_FILE(FILE2, 'AMBIENT SEA WAVE') Prayo
. . PO
' GO TO 1 "“"af
0 b
: x % .}y_-ﬁ‘,
s xkxx% Linear Superposition of the Sea State and Kelvin Wave. ’.“:;"
. * % A
. )
: 300 CONTINUE AR
. CALL KELVIN_AND_SEA PO
) AR
GO TO 10 RASISN,
* % pRSORAN
500 CONTINUE ! )
*ox Xt
STOP AN
END IR NN
RO
AN
e AN
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* X

*

*

:
|
:

* %
CHARACTER*1 ANS

10 WRITE(1,'( 5/)')

R

WRITE(1,' (10X,"*x

. WRITE(1,' (10X, "xx*
WRITE(1, (10X,"xx
WRITE(1,' (10X,"*x
WRITE(1,' (10X,"“*xx
WRITE(1,' (10X, "*x*
WRITE(1,'(10X,"*x*
WRITE(1,' (10X,"xx*
WRITE(1,'(10X,"**
READ(1,*) IDMENU
IF(IDMENU.LT.1.0OR.

" P -

e

‘5‘ w.'.'._'.l

: -
4 IF (IDMENU.EQ.2) THEN
" WRITE(1,'(///10X,
\ 10 ok e e ok ke e ok kK vk ke ok e gk ok K R Kk ek kR R R Kk kR R K ok ok ok Kk ok ok Rk kK
; /10X, "*x%%x NOTICE
o /710X, " xkkx This task requires that a4 Kelvin
} 710X, " xhxx spectral file has been read to
, /10X, “xkxx determine the parameters needed
< /10X, " XXk for the surface grid calculations.
» /10X, kKKK If a file 1s not available you will
o 710X, " xkxx be asked to specify the dimensions
! /10X, " hAxx ot the physical space tor the sea
N /710X, " akkk state calculations.
. 710X, " *xxx
$ /lox,”t*t*******k**i*****t*t*i*t********t*****k*******"’
o . Z10X," "))
N END IF
x %
l IF (IDMENU.EQ.3) THEN
- WRITE(1,'(///10X,
il Ta A AREKAA KK AR A K KAAAKRREAAAN R AR KA A AR A A A AR AR KRRk
N /10X ,"*x*%xx NOTICE
2 /710X, " xxxx This task requires that the Kelvin
(s /710X, " khxx wave and the sea state elevations
a /710X, " xkxx data files have been created.
* /10X, MRokkx
t /710X,"***x*x  Enter (Y) 1f the files exist and
b /10X ,"***x%x  continue with the calculations.
N /10X,"**x** Or, enter (N) 1t the tiles have not
N . /10X ,"*x*x% peen created and return to the
LY . . /10X, "**xxx program menu to create the tiles.
b /10X, "Hxxx
? /710X ,"**x*x*x  ENTER Y/N :6"1) ")
Lj READ(1,'(A1]') ANS
v IF ((ANS.EQ.'n' .OR.(ANS.EQ.'N")]} GOTO 10
ol END IF
. * %
X RETURN
ot END
”
<.
3 21
&,
L

‘

{

LN

WRITE(I,'(10X,"************** MENU

SUBROUTINE MENU(IDMENU)

K dok ok ok kA Kok ok ok ok Kk k"

* % !

Select Item by Number * o
* %

(1) Kelvin Wave Calculations *ok
(2) Sea State Calculations * ok
(3) Superposition of (1) & (2} L
(4) End of Calculations *x
L8

Specify Menu Iltem $")1t)

IDMENU.GT.4) GO TO 10

KAKKAKKAKREEAKAAKAKARKAAKRKAA AR A A AR AR AKRAR R AR A A KRR AR K AR R A AR ARk Ak Ak ok ok ko k Kk &

*

*

dode b ok ke e ke ok K e ke ke e e ok ke sk ke ok ok R R ke vk ok ok ok R kK ok ok R kR Sk ok ok A R Ok e Kk R R R R ek A R e Rk kR R Rk Kk Rk

* &

t*ﬁt“,
ktt*”’
kttk”’

****“’

* ok ok ok "
* ok &k ok "

’
****”,

* ok ok ok

1
****”,

LE & 8 2

?
****“’

ok ok ok
* ko ok

* ok x x

LA 8 2R
H
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1 Ko ek Tk ke ok kR R R A Ok kK R R K K Rk R Sk sk ok kK Ok R kK ok R K K K R K sk ok K R K R R K ok Kk ok ok ok b ok ke ok ok ko ok ok ok ok R A

* *
s SUBROUTINE SURFACE _GRID(INDEX)
* *
B e A Ak ke ke sk ok ok Rk ok ol ok ke ok K ok ok ke ok Ok ok ok ok ok ok k ok ok ok ok ok kR % kR K ok ok ok ok ok ok ke ok ok ok ok ke ok ok ok ok Ok Ok ok ok e ok ok ke o ok R Kk
* % * % ®

: COMMON/BLOCK1/ X_POINT(101),2_POINT(101),Y_POINT(101,101) PR
COMMON/BLOCK4/ NX_POINT,NZ_POINT,NY_POINT,DX,DZ,GRID_SIZE S

P, COMMON/BLOCKS/ VEE,AK,YSYM,DISPT,XST,2ST,AREAS,CB,N_POINTS,NSYM AR

) * % '~':.f:.-‘_ «,

' **xx % Calculate Free surface Grid - P;fé}}

xxxxx Default values for NX & NZ points are 61 & 41. T Seters

g *xxxx The starting value for the X-ax1s (XST) 1s typically A

; x*xxx%x eqgual to a ship length and the axes system has to correspond :ﬁyﬁ,b
xxxxx to the axes used to caclulate the Kelvin spectral functions. RIS
) *xxx%x Currently the axes origin 1s at the forward perpendicular PN
*xx%x* with the X-axis along the ship length taken as negative. AN
= * % RESXNLN
PI = 3.141593
of WRITE(1,
+ UMK KRR KA K AR KA KAXKIAKAA KKK KKK KKK KA KA K AR KK KRR KA kKKK
+ ,/,"**x%xx Speci1fy the Number of Points tor the Surface *ok ok ok 1
+ ,7,"**xx Grid 1n both X- and 2Z- directions. * ok ok ok ¢
+ ;7 ,"***x Default Values are NX_POINT=61, NZ2_POINT=41 *ok ok k!
+ g/, " x*xxx NX-POINT =_")"')
READ(1,'( I3)') NX_POINT .

. WRITE(1,' ("“*x**xx NZ-POINT -_")"')} G ¢

; READ(1,'( I3)') NZ_POINT RN

M WRITE(1, ?':}}it

+ '(”*******t**‘k*kk************k***************‘k****‘k***k****" '_:-:\-'.:-:\

3 + ,7,"***x Spec1fy the starting value 1n the X direction xx*xx" }ﬂ\f\}\

p + ,/,"**xx*x for the rectangular grid in (ft). The default xx%x" di5i3

+ ,7,"**x*x yvalue 1s equal to the Ship Length. Type , for | rxx*xx" -

) + ,/,"**xxx the default value. XMIN :_")"') ST
READ(1, * ) XMIN e
IF(INDEX.EQ.2.AND.GRID_SIZE.EQ.0.0) THEN ~
WRITE(1, R

3] + COL M Rk ok ke ok ROk R ok Kk kR ok ok ke ok ok ok kR 3k ok ok ok ok ke ke ke sk ok ok kA Rk ok ok R R R Rk ok kR A ok ok ok k!

+ , /7, "**xxx gpeci1fy the ending value 1n the X direction *ox Kok

y + ,7/,"*xx* for the rectanqular grid in (tt). ( XMAX ) kK Kk o

! + 7, " kxx%x XMAX =_")') e
READ(1, * ) XMAX o

. WRITE(1, NN

* + P Rk Ak e ko ke k k ok ke ok ke A ok gk ok ok ok Rk ko Rk ok sk sk ok R ok ke k sk sk ok Rk ok sk ok ok ok ko ok e ok ok ok ok Rk el

X + ;7 ,"***x 3peci1fy the Value for the Rectanqular Grad * ok kox

o + ,/,"**x*x in the 2 direction in tt. ([ -2MAX , +ZMAX ) **x*xx"

g + g/, txxkx ZMAX = "))

: READ(1, * ) ZMAX

. & %

. XST - XMIN

) ELMAX - 2ZMAX

* % '

\ ELSE
ELMAX = 4.0*PI*VEE*VEE/32.174

3 XMAX - ELMAX/TAN(19.5*P1,/180.0)

x END IF
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D * * : )
SUBROUTINE KELVIN_WAVE f‘\'\ gt
* * :5\ |:.
\J e % Rk ok ke ok kK Ik R K ok ok ke Rk ok ke ok ok sk ke ok ke ok ok vk ok sk ok ok ok ok A ok ok ok ok ok ok ok ok kR ok Ok ok ok Wk ke Ak kK ok ok ok ok ok K "
* % * % , .
PR
0 COMMON/BLOCK1/ X _POINT(101),Z2_POINT(101),Y_POINT(101,101) At,-:x"
b COMMON/BLOCK2/ CGG(1000),CGM(1000) "'.\"‘\"ﬁ
h COMMON/BLOCK3/ U_KELVIN(1000),V_KELVIN(1000),W_KELVIN(1000) RSAA

Py COMMON/BLOCK4/ NX_POINT,N2_POINT,NY_POINT,DX,DZ,GRID_SIZE
3 COMMON/BLOCKS/ VEE,AK,YSYM,DISPT,XST,2ST,AREAS,CB,N_POINTS,NSYM
COMPLEX CGG,CGCM,DGZ,DGX,EYE

[ T
oY
i"ft

COMPLEX CGGN,CGMN "JV"
- DIMENSION STT(101) e
3 okl \"\J':."
. OIS
- EYE = (0.0,1.0) ORI
: DO I = 1,N_POINTS At
ie FI = 0.00 Yy
IF(I.GT.1) FI = U_KELVIN(I) - U_KELVIN(I-1) ®_ .
IF(I.LT.N_POINTS) FI = FI + U_KELVIN(I+1) - U_KELVIN(I) EOCORSY
) CGG(1) = 0.5*CGG(I)*FI .::3.‘:-__.:,
» CGM(I) = 0.5*CGM(I)*FI e
LakE
. END DO AN
) * % - ‘..‘\.
2 k*xxx%x Calculate Free surface Grad. {1t
B * % g” e
| INDEX = 1 . :”'f'}\
] CALL SURFACE_GRID(INDEX) ;;, N
by DXN = DX S0900A
= (% \ - -
) DZN = D2 ot
: XSTN = XST OSSN
2STN = -2ST + YSYM PG~
* w
X ***%x* Calculate Free Surface Heights.
' Xkx%%x Store in Matrix Y_POINT(I,J).
. * % > ﬁ
pC DO N - 1,N_POINTS At
s UKELVIN = U_KELVIN(N) '
VKELVIN = V_KELVIN(N) ) .
. CGM(N) = CGM(N)*CEXP(-AK*EYE*(XSTN*VKELVIN -~ 2STN*UKELVIN)) RAIASES
) CGG(N) = CGG(N)*CEXP(-AK*EYE* (XSTN*VKELVIN + ZSTN*UKELVIN)) NN
, END DO RRSERRN
] * % ‘.-.\"-'\
, Se A
) DO I = 1,NX_POINT RSSO
- * % ,.\.'f\_'-."\.
DO J = 1,N2_POINT
. STT(J) - 0.0
N END DO
0 * %k
]
4
N
3
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RS
AN
RS
& (X0
il
K9 DO N = 1,N_POINTS PR g
2 CGGN = CGG(N) Yt
e AN
4 CGMN = CGM(N) A
e AS = REAL(CGGN + CGMN) ot ;Zﬁ
: BS = AIMAG(CGGN -~ CGMN) ‘E"r\:
* %k -
) UKELVIN = U_KELVIN(N) ®.
1] - e W%
? VKELVIN = V_KELVIN(N) AN
:. * % ;\ﬁ\ﬂg
/' DGX = CEXP(-AK*EYE*DXN*VKELVIN) 4-;:.-‘-"3
CGG(N) = CGG(N)*DGX OGNy
K CGM(N) = CGM(N)*DGX Tty
t 23
o DGZ = CEXP(-AK*EYE*DZN*UKELVIN) ,!.':-;.“,-.»;
- SD = REAL(DGZ) NN
- TD = AIMAG(DGZ) ERNN
A o e
L, * % RARAAS
-;- DO J = 1,NZ_POINT e
by STT(J) = STT(J) + AS BRI
AST = AS*SD - BS*TD p
3 BS = BS*SD + AS*TD IS
: _ \)\ b Y
.~ AS = AST NN
- END DO Lo
N * % 5.1\ (¢
Y ;\*\';\._'
END DO NN
- iz
h\ DO J = 1,NZ2_POINT pv_‘, A
; Y_POINT(I,J) = STT(J)*AK/VEE %0
‘o END DO AN
P " B0
/ END DO :i‘:i‘ﬁ'
/ o * % [} :- - ;
~ RETURN 2%
, END SR
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E Y Je sk K K e e ke dke sk ke ok sk ok ok R ok gk ok sk ok R ok K ke e Tk T R ke ke ok ok ok A ok ok ok e K K ok K K K K Kk R K Kk kK K R K R K K K kR kK ."f.:'.':
Y * * NN
s SUBROUTINE READ_FILE(FILE_NAME) DN/
* * RUAAD
XK e e KOk ke ok e Kk Kk Rk ok ol ok ke sk ok ok R K K ok Rk ok ok ok ok ok ok 3k ok ke ke ok ok Ok ok ok ok R ke K R ok ok ok 0k ok ok o K 9k ok ok ok Rk ok ok ok ok ok ok ﬁ \"
* X * Kk - .
COMMON/BLOCK1/ X_POINT(101),Z_POINT(101),Y_POINT(101,101) ;Qﬁ;ﬁ
COMMON/BLOCK2/ CGG(1000),CGM(1000) ANy
COMMON/BLOCK3/ U_KELVIN(1000),V_KELVIN(1000),Ww_KELVIN(1000) AT
COMMON/BLOCK4/ NX_POINT ,NZ_POINT ,NY_POINT,DX,DZ,GRID_SIZE Sed
COMMON/BLOCKS5/ VEE,AK,YSYM,DISPT,XST,2ST,AREAS,CB,N_POINTS,NSYM ﬁi: »

COMPLEX CGG,CGM - &
CHARACTER*20 FILE_NAME !u;sj
CHARACTER*50 TITLE Nﬁ\*;
o PR
100 WRITE(1, LSSH0Y
+ '(“‘k*t**************k**************‘k*******************‘k**‘k“ “:.D::}:J
+ ,7,"*xxx%x gpecify the Name of the Data File from which KA KKk RE ALY,
+ ,7,"**%x% this Program will Read the Input Data KKk ok ) -
+ , 7, "%***x File Name :6")') RO
READ(1,'(A20)') FILE_NAME 5jq}{
xx RO
OPEN(UNIT=52,FILE=FILE_NAME,STATUS="'OLD',ERR=200) ::tx:ﬁ
* X - ."- .
READ (52) VEE,AK,YSYM vffﬁgg
READ (52) DISPT,XST,AREAS,CB e ..
READ (52) N_POINTS,NSYM e
READ (52) (U_KELVIN(I),I=1,N_POINTS) NN
READ (52) (V_KELVIN{I),I=1,N_POINTS) ‘3{?¢
READ (52) (W_KELVIN(I),I=1,N_POINTS) Ay
*x AN
DO I = 1,N_POINTS .f%éj
READ (52) CGG(I),CGM(1),FW,FFW S
END DO A
* %k .::.‘:l‘tt
**xx* The varibles FW and FFW are not used by this program but they are. Aﬁ‘?ﬂ
*xxx* These variables should be left in the above statements ':f‘:
x*xxx* for file compatibility. L0

* k

w
LY
1w

4
"

CLOSE (UNIT=52)
RETURN

N

*
»
)

h )
200 WRITE(1,'(4/,5X,

. 3 e Kk KK K kK K kK kK K Kk ok ke ok ke sk ke ok ok ok ok sk kT ok ke ok vk ok ok ok sk ok ok R ke e ek Ok ok e ok ok ok Rk M T4t
.7/,5X,"*xx%x  ERROR --> File error occured 1n opening the *ok ok A

L/ ,5K, hkkk specified file. File does not exist fxkx*
755K, ak Ak Try again. m——

. /,Sx, 1ok ok % e K Rk e ok K K ok ke sk ok ok ke ok ek ok ok K ke ke ke ok ok ok ok ok ok ok ok R Ok ok ok ok Ok ke ok R ok ok ok ok ok ok ok ok ke ok !

GO TO 100 : -l
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: x * ‘,Q(._\
ks 0 .
‘:‘ SUBROUTINE WRITE_FILE(FILE_NAME,TITLE) :\-;._j._-:
i‘;ﬂ * * _'.A‘.«-"-
il' % e Kok ok ks ke de ok ok sk ok ok ok vk ok ok sk ok ok die ke ok dk ok ok ok ok ke Kk Sk ke ke Dk ok dke K ok ok ok ok ok ok ke ke ok ok ok ok ok ok ok ok ok ok kb ke ke {E: ."
"y * x * ':' E’:;
) COMMON/BLOCK1/ X_POINT(101),Z2_POINT(101),Y POINT(101,101) .
. COMMON/BLOCK4/ NX_POINT,NZ_POINT,NY_POINT,DX,DZ,GRID_SIZE A
o CHARACTER*20 FILE_NAME
K CHARACTER* (*) TITLE
.: * X »
:._ 100 WRITE(1,'(">>>»>> " ,A20," OUTPUT FILE ¢<<<<¢")') TITLE
’ WRITE(1,
+ P %k e e ke ok kK ok ok ok ok ok gk kR ok ok ok ok ke ok ok ROk Ok i ok oK ke ok ke ok ok ok ok Kk A ke kR K e Kk kA ke kR R Ok Kk \"
+ ,/,"***xx Specify the Name of the Data File For Storing | **xxx*" .
+ ,7,"**%* The Output Results for Plotting xkkk " -z
+ , 7, "%**%%x File Name :$")') i
: READ(1,'(A20)') FILE_NAME -
ﬁ * % ':‘\'
OPEN(UNIT=53,FILE=FILE_NAME ,STATUS='NEW' ERR=200) P_"“
v *x Je
) *x N
WRITE (53) (X_POINT(I),1=1,NX_POINT) el
4 WRITE (53) (2_POINT(J),J=1,NZ_POINT) Qe
* Kk AN
AR A
p) DO I = 1,NX_POINT AN DS
WRITE(S3) (Y_POINT(I,J),J=1,NZ_POINT) 2_ 3
END DO -
. )‘
Y *x A
- CLOSE(UNIT=53) A
. RETURN AR
2 xx PO
200 WRITE(1,'(4/,5X%, E Y
. . “*********‘k****‘k********************)\'****k*‘k**‘k‘k******‘k‘k*", !. ~ i
i ./ ,5%X,"**x*xx  ERROR --> File error occured in opening the ool B -.‘f,\_,\.i
e L/ 5K, aR KR specified file. File already exists.Xxxx" e
; L/, 5K, Rk Try again. Kkkk -."_)'_-.')':::
3 '/,sxl"*‘k**'k‘k*‘k*********‘k**********k******‘k****‘k*******‘k*****'kk“)‘] \\_\i‘.“
n GO TO 100 N
* X l
END .
] w
Q .
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* *
SUBROUTINE KELVIN_AND_SEA

* *

R R K OA ok kK ok K ok ok K ok R K gk ok ok ok R Ok ok ok ok K Rk R ok A ok ok Sk ok sk Kk K ok ok Rk ok ok ok ok K ok Kk A Kk R X

* % * %

COMMON/BLOCK1/ X_POINT(101),2_POINT(101),Y_POINT(101,101)
COMMON/BLOCK4/ NX_POINT ,NZ_POINT,NY_POINT,DX,DZ,GRID_SIZE
DIMENSION Y_VALUE(101)

CHARACTER*20 FILE_NAME
* %
100 WPITE(1,
' ("***********‘k*************‘k***************************t**"

+
+ y 7/, "****x Specify the Name of the Input File for the Rl
+ ,/,"**x%x KELVIN WAVE Results KKK
+ y /7, "%%x**% File Name :$")')
READ(1,'(A20)') FILE_NAME
IFLAG=1
* %k
OPEN(UNIT:-53,FILE=FILE_NAME,STATUS="'OLD' ,ERR=1000)
REWIND 53
* Kk
READ(S3) (X_POINT(I),I=1,NX_POINT)
READ(53) (Z_POINT(J),J=1,NZ_POINT)
* X
DO I = 1,NX_POINT
READ(53) (Y_POINT(I,J),J=1,NZ_POINT)
END DO
* Kk
CLOSE(UNIT=53)
* K
XMIN = X_POINTI(1)
ZMIN = Z_POINT(1)
XMAX = X_POINT(NX_POINT)
ZMAX = 2Z2_POINT(NZ_POINT)
% %

200 WRITE(1,

( "k %k k% Kk ke ok sk ke ok ok ok ke ok ok Kk sk s sk sk ke ok ok ok ok ok ok sk ok ok ok ok ok gk sk ke ok ok ok ke ok ok ok ok ok ok ok sk ok ok M
y/,"**x% Specify the Name of the Input File for the * Kok ok
,/,"%***% SEA STATE Results Ak Xk
, 7, "*%%*%x File Name :8")}"')

READ(1, '(A20)') FILE_NAME
IFLAG=2

++ 4+ +

* %k

OPEN(UNIT=54,FILE=FILE_NAME,STATUS="'OLD',ERR=1000)
*

READ(54) (X_POINT(I),I=1,NX_POINT})

READ(54) (Z2_POINT(J),J=1,NZ2_POINT)

DO I = 1,NX_POINT
READ(54) (Y_VALUE(J),J=1,NZ_POINT)
DO JJ = 1,NZ_POINT
Y_POINT(1,3J) = Y_POINT(1,JJ) + Y_VALUE(JJ)
END DO
END DO
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CLOSE(UNIT=54)

IF(XMIN.NE.X_POINT(1)) GO TO 1010
IF(ZMIN.NE.2Z2_POINT(1)) GO TO 1020
IF(XMAX.NE.X_POINT(NX_POINT)) GO TO 1030
IF(ZMAX.NE.Z_POINT(NZ_POINT)) GO TO 1040

CALL WRITE_FILE(FILE_NAME, 'KELVIN/SEA WAVE')
GOTO 9999

CONTINUE
WRITE(1,'(4/,5X,

g %k e gk ok ke Kk gk ok gk gk ok ok ok ok gk Kk ok ke ok ok K Ok Kk ok ok K K K sk ok ok ok ok Ok K 3k ok ok K ok ok ok ok ok ok ok ok ok ok ke

./,5X,"*xxx ERROR --> File error occured in opening the **xx*
./ ,5X, "akkx specified file. Try again. ok ok x
7/ ,Sx, %k %k o ke ko Kk ok ok ok e ke K ok ok ok ok ok ok dke 9k dk o e ke e 0 ok ke ok ok ok gk ok ok ok ok ok 3K ok ok e ok ok ok ke ok ke

IF(IFLAG.EQ.1) GOTO 100
IF(IFLAG.EQ.2) GOTO 200

WRITE(1,'(4/,5%,

ke Kk ke k% KK gk sk ok gk ok Kk ko ok ke ke ok ke ok kR 3Kk ok ok Kk ok sk ok K ok ok ek ok ok ok ok ok ok ok ok ok ok ok ok ok ok

./,5X,"*xx%xx  ERROR --> XMIN Does not match for the grid *kok ok !

./ ,5%, "akkx from the KELVIN and SEA STATE tiles. **x*x*
/XK R KRR K I AR I KKK KAIKRA KR KK IR KK HRK KRR KKK KR KKK KKK KKK KA KK K

GO TO 9999
WRITE(1,'(4/,5X,

ok e e ek K de KK KKK KKK KAKARAAKAKAKKAAKRKAAARKAKAAAKRARAAR KR AR ARk

./,5X,"**xx%x ERROR --> 2MIN Does not match for the grid *okok ok U

S/ ,5X, M RKkR from the KELVIN and SEA STATE files. xX*x*
./ ,SX, HRAAKAKKKAKKAKKEKKARKAKKRAKAKRAKRKAARRAARAKRAKRKANKRKRARAR AN ARk K

GO TO 9999
WRITE(1,'(4/,5X,
e %k ke kK kK dk ok ke ki ke ok ke ok ok sk ok ok sk sk ke 3k kR 3k ok ke ok ok ke vk ok ks ok ok o ok ok Jie ok ok ok ok ok ki ok Kk M

./,5X,"*xx*xx  ERROR --> XMAX Does not match for the grid *ok Kok ¢

./ ,5K, "xkkk from the KELVIN and SEA STATE files. *x*xx"
D/ B R R AR KKK I KR IR K IKR KKK R KA KRR AA KKKk KKK KK AAKAKRK IR KRR KKK

GO TO 9999
WRITE(1,'(4/,5X,
g e e ok ok de K K Kk K R T R R R R AR A R R R R AR AR AR R AR AR AR IR KA KRR A KRR K"

./,5X,"*xx*x ERROR --> 2ZMAX Does not match for the grad Kk kO
./ ,5X, "akkx from the KELVIN and SEA STATE files. *x*xx"
R /’Sx,"**‘k*************'k****'k**‘k‘k******************************"

CONTINUE
RETURN
END
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o x
% K % e A vk e vk A de A ke ok ke K vk ok ke ok ok ok ke ke Ok A ke kK 3k ok ok ok ok ke Ok ok ok 3k ok ke ok Sk ak ok ok R ok ok ak ok o K Ok ke ok vk ok ok ok ok ok ok Kk Kk ok

* *
SUBROUTINE SEA2D(]ERROR)

* *

A de ek e R Rk R e ok R R Kk R Kk Rk ok Ak ok ok ok ok ke ok ok Rk e o ok ok ok ke ek ok e ok Ak ok kR kK X R Kk

* % * %

xx%xx 2-D SEA STATE = 1-D SEA STATE * COSINE SQUARED SPREADING.

* kK KK

x*xxx*x 1-D SEA STATE CALC USING (1)PIERSON-MOSKOWITZ,
*kkxx (2)JONSWAP, (3)NEUMANN, (4) BRETSCHNEIDER.

x %
COMMON/BLOCK1/ X_POINT(101),2_POINT(101),Y_POINT(101,101)
COMMON/BLOCK4/ NX_POINT ,NZ_POINT,NY_POINT,DX,DZ,GRID_SIZE
COMMON/BLOCK6/ WM(101) ,AZD(101),WZD(101) ,ENF(101) ,EN(161)
COMMON/BLOCK7/ NSP,FNXP,ISEED,WVKT,THSTD,TZ,NF, I[EDW
DIMENSION FR(202),FS(161)
* %
CALL SEA_MENU
* Kk
NI = 10
TZ = 10.0
WVFT = 1.6878*WVKT
HS = 0.0182*WVKTx**2
GR = 32.174
PI = 3.141593
TWOPI = 2.*PI
OoMZ = 0.0
GAM = 0.0
* %
GOTO (100,200,300,400), NSP
* %
*xkxx*x PIERSON-MOSKOWITZ SPECTRUM Equation 9, Reference (1)
* %
100 A = 0.0081*GR**2
B = 0.74*GR**4 /WVFT**4
IA = 5
IB = 4
GO TO 500 J
x % t
xxxx%x  JONSWAP SPECTRUM Equation 10, Reference (1) " o
* % AT
200 A = 0.0081*GR**2 iﬁhfgr
B = 0.74*GRx*4/WVFT**4 ASASAS
IA = S S
1B - 4 AN
OMZ = (GR/WVFT)*(C.592)**x(0.25) ! Peak frequency Safura
- GAM = 3.3 t Mean enhancement factor
o GO TO S00
- * %
» xxxx%x NEUMANN SPECTRUM Equation 11, Reference (1)
* %k
. 300 A = 33.1*PI/4.
B = 2.*GR**2/WVFT*%x2
IA = 6
IB = 2
GO TO 500
A PO
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% Je &k K K
* %k

M
i * %
)
A
)
iy

400

v

% Kk
%k kK K
% %

500
* %

510

x %k

520

530

* %

540

BRETSCHNEIDER SPECTRUM.

A = 483 .5%HS*%*2x(1./T2Z2)**4
B = 1944.5%(1./TZ2)**4

IA = 5

IB = 4

Compute energy integral by Simpson‘s rule.

CONTINUE
J =1
SUMP = 0.0
NINT = NI
N2 = NINTs2
FN = NINT
SUM = 0.0
DENI = 0.0098%0OMZ**2
DENR = 0.00898*OMZ2*x%x2
DENL = 0.0098*%OMZ**2
TSOB1 = 0.0162*0OMZ2**2 - 0.000001
SMSW = 0.0

DO I = 1,N2

FI = I
WMI

0.01*TWOPI + 0.99*%(2.*FI -~ 1.)*TWOPI/FN

WMR = WMI + 0.99*TWOPI/FN
WML = WMI - 0.99*TWOPI/FN
FNI = (A/WMI**IA)*EXP( -B/WMI*x]IB)

FNR = (A/WMR**IA)*EXP( -B/WMR*xIB)

FNL = (A/WML**IA)*EXP( -B/WML*%xIB)
IF(NSP.NE.2) GO TO 530

IF(WMR.LT.OMZ2) GO TO 520

IF(DENL.GT.TSOB1) GO TO 520

IF(WMI.GT.OM2) DENI = 0.0162*OM2Z*%x2
IF(WMR.GT.OMZ2) DENR : 0.0162*0OM2**2
IF(WML.GT.OMZ) DENL = 0.0162*0OM2*%x2

FNI = FNIXGAM** (EXP( - (WMI - OMZ)**x2/LENT )
FNR FNR*GAM** (EXP( —-(WMR - OMZ)**2/DENR))
FNL = FNL*GAM*x(EXP( -(WML - OMZ)**2/DENL))
CONTINUE

SUM = SUM + (FNR + 4.*FNI + FNL)*(0.33*TWOPI/FN)
EN(I) = SUM

FS(I}) = WMR/TWOPI

SMSW = SMSW + SQRT(1.98*FNI*TWOPI/FN)

END DO

ER - ABS((SUM - SUMP)/SUM)
IF(ER - 0.001) 560,540,540
NINT = 2*NINT
IF(NINT.GE.321 ) GO TO 550
SUMP - SUM

= J + 1

GO TO 510
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550 WRITE(1,'(">>>>>>>>>> ERROR <¢<c<cccec” )

RETURN
* %
560 JI - J
FNF = NF
* *
*xxxx Compute ASW(IW) and WM(IW) based on equal energy 1intervals.
* %
DEN = 0.92*EN(N2)/FNF
NFt = NF + 1
ENP = 0.05*EN(N2)
JE = 1
* X

* K
* X
* Kk

* %

LB

WRITE(1,' ("< Intervals in intecoral for E exceeded 321 »>")')
WRITE(1,' ("< In subroutine SE/<D »>"}')
IERROR = 321

DO LE = 2,N2
570 IF(EN(LE) - ENP) 590,580,580
580 FR(JE) = FS(LE-1) + ((FS(LE)-FS(LE-1))/(EN(LE)-EN(LE-1)))x
t (ENP - EN(LE-1))
ENP = ENP + DEN
JE = JE + 1
IF(JE.GT.NF1) GO TO 600
GO TO 570
590  CONTINUE
END DO

***x Compute E,E2,E4 ,EP based on FLL and FUL cutoffs.
600 IF(IEDW.GE.1) GO TO 610
DO IW = 1,NF
WM(IW) = PI*(FR(IW) + FR(IW + 1)}
AZD(IW) = SQRT(DEN)
END DO
GO TO 660

610 DELW = TWOPIX(FR(NF1) - FR(1})/NF
WL = TWOPI*FR(1)

JE = 1
FSP = FR(1)
WP = WL

DO LE = 2,N2
620 IF(FS(LE) - FSP) 640,640,630
630 ENF(JE) = EN(LE-1) + ((EN(LE)-EN(LE-1)})/(FS(LE)-FS(LE-1)))%
1 (FSP - FS(LE-1))
FSP = FSP + (FR(NF1) - FR(1))/NF
JE = JE + 1
IF(JE.GT.NF1) GO TO 650

GO TO 620
640 CONTINUE
END DO
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KR AKKKKANAKAKKAAA AKX ARRK A AAAAKARAK KRR ARK KA KA A A A RKRRKA R AR AKK KK AR Ak Ak Kk *k

* %k

SUBROUTINE COSQSP(NF, lERROR)

* kK

*

*

ok de gk ke ok Kk ok gk ke Sk ke ke ok ok g sk gk ke ke ok ok ok vk sk ok ok ok ok ok ke ke ke ok ke ok gk ok Ok ke ok ko ok ok ok ok ok ol ok ok ke ok R ok e Ik K K ok ok R kR R

x Kk * %
*xx%% 2-D SEA STATE CALC USING (2*N/PI)*COS(NXTHETA)x*x2.
* %
COMMON/BLOCK1/ X_POINT(101),Z2_POINT(101),Y_POINT(101,101)
COMMON/BLOCK4/ NX_POINT,NZ_POINT,NY_POINT,DX,” .,GRID_SIZE
COMMON/BLOCK6/ WM(101),A2D(101),W2D(101),ENF(101),EN(161) &
COMMON/BLOCK7/ NSP,FNXP,ISEED,WVKT,THSTD,T2 ,NF0, 1EDW b
DIMENSION TR(101),TH(101) 2.
* % A
NI = 10 PR
AL A AT
EPS = 1.0E-8 e
GR = 32.174 i\ax:{;
PI = 3.141593 DR Y,
PIRAD = PI/180.0 )
TWOPI = 2.*PI R
NTH - 9 AN
IF(FNXP.GE.40) NTH = 1 R
IF(NTH.EQ.1) FNXP = 1 e
NAF = NF
x* %

Xxx%x%* Compute the Enerqy Integral by Simpson's Rule.
* %

SUMP = 0.0
NINT = NI
J -1
100 N2 = NINT/2
FN = NINT
TH(1) = -.S*XPI/FNXP
EN(1) = 0.0
SUM = 0.0
DO I = 1,N2
FI = I
TMI - (2.*FI - 1. - .5%FN)*PI1/(FNXP*FN)
TML = (2.*FI - 2. - .SXFN)*PI/(FNXP*FN)
TMR = (2.*FI - .SXFN)*PI/(LINXP*FN)

FNI = COS(FNXP*TMI)**2
FNR = COS(FNXP*TMR)**2
FNL = COS(FNXP*TML)**2
SUM - SUM + 0.666667*(FNR + 4.%FNI + FNL)/FN

EN(I+1) = SUM
TH(I+1) = TMR
END DO

ER = ABS((SUM - SUMP)/SUM)

IF(ER - 0.001) 130,110,110
110 NINT = 2*NINT

IF(NINT.GE.321) GO TO 120

SUMP = SUM

J = J + 1

GO TO 100




N
i 120 WRITE(1, '(">>>>>>>>>> ERROR <<<<<cccccc™))
WRITE(1,'("¢< Intervals 1n 1ntegral for E exceeded 321 »")')
WRITE(1,'("< In subroutine COSQSP »>")"')
IERROR = 321
RETURN
“ * %
130 JI = J
I x %
3 xxkk*x Compute AZD(IW) and TM(IW) based on equal energy 1intervals.
‘e * k
Y N2 = N2 + 1
N DEN = (1.0 - EPS)*EN(N2)/NTH
v NTH1 = NTH + 1
. ENP = 0.0 ;
: JE = 1 L
p * % AN
A \u‘\‘h >,
k. DO LE = 2,N2 N,
y 140  IF(EN(LE) - ENP) 160,150,150 A
[ 150 TR(JE) = TH(LE-1) + ((TH(LE) - TH(LE-1))/(EN(LE) - EN(LE-1)))* AN
1 (ENP - EN(LE-1)) IOARHL
ENP = ENP + DEN P .
y JE = JE + 1 RSN
" IF(JE.GT.NTH1)} GO TO 170 el
:.v GO TO 140 OSSN
¢ 160  CONTINUE A
D
g * % END DO ‘::'. ‘-i::'.
T 170 INDEX = 2 ..
~ o
. CALL SURFACE_GRID(INDEX) RSN
" * % IR
Ce e NN
r DO IX = 1,NX_POINT OO
~ DO 12 = 1,NZ_POINT o
3 JT = 0
i IE2 = 2%ISEED y
~ CALL SSEED(IE2)
2 ELEV = 0.0 NN
< x NS
2 DO IF = 1,NAF AENEA
- AK = W2D(IF)**2/GR N
. AZ = AZD(IF) N
. * % ) .
4 DO IW - 1,NTH AN
’ JT = JT + 1 Ry
< EPT = URAN(JT)*TWOPI R
’ TEF = 0.5*%(TR(IW)+TR(IW+1))+THSTD*PIRAD RS
s AKX = AK*COS(TEF) SISOAY
Y AKZ = AK*SIN(TEF) L
. COSXY = AKX*X_POINT(IX) + AKZ2*Z2_POINT(1Z) + EPT e
- ELEV = ELEV + AZ*SQRT(DEN)*COS(COSXY) S
. END DO
- END DO e
. LA
¥ * X N .'\.':'
i Y_POINT(IX,12) = ELEV NS
) END DO R
~ END DO ALV
., x % :\.'\::\»
v RETURN yf'f:-:;v\
e END Lo
~ LA
.$ -(N,\‘,
) e Y5
t ‘g\.“)_'._-r.
2 :?-._.-.:_
: RSN
J RSLE0N
; B R
: RS
(.




* K

.
ek Kk ek ke ok Kk ke kK ok ok ok sk sk ok sk vk ok ok sk ok sk A ol ok ke ke ok A ok ok sk ke e R ok A ok R R R ke ke ok ok kA Rk ok ek ko Rk Kk ok ok ok A R R X ::
* * .
SUBROUTINE SEA_MENU :
* * .
% K ek Y vk ke ke ok vk ok sk ok ok ok ke ke gk ok ok ke sk ok ok ok ok ok ok g ok ok ke Jk Kk ke ke ok K ok ok R ok s ke ok ok ok ok sk ok ok ok ok ok K ok K ok ok sk ok b R ok ok ok ok »

* %

COMMON/BLOCK?7/ NSP,FNXP,1SEED,WVKT,THSTD,TZ2,NF, IEDW ;::“_:?:‘_I
“ RN

WRITE(1,'(/)") NN

WRITE(1,'("**x Specify the Spectrum Type " ?:\:

+ ,7/,"** for the Sea State Calculations " &yu

+ ,7,"*% Input (1) for PIERSON-MOSKOWITZ .t)

+ g/, Xk (2) for JONSWAP B Q

+ g/, kR (3) for NEUMANN " \

+ 2/, kX (4) for BRETSCHNEIDER " . : :~

+ ,/,"** Specify the Appropriate Spectrum : $")°') o ;:

READ(1,*) NSP Al
* % A

WRITE(1,'(/)")

WRITE(1,'("** For 60 Deg., Spreading index = 1.50 *x")')

WRITE(1, ("** For 90 Deg., Spreading index = 1.00 *x"j')

WRITE(1,'("** For 120 Deg., Spreading index = 0.75 *x")')

WRITE(1,'("** Specify the Spreading Index (ge .5) : $")')

READ(1,*) FNXP
* %k

WRITE(1,'(/7)")

WRITE(1,'("**x Specify the Seed Number"

+ ,7/,"** for Random Phase Angle (ISEED.GE.1) : §")")
READ(1,*) ISEED

[T NENEN

»*
»*
\('-l-

WRITE(1,'(/)")
WRITE(1,'("** Specify Wind Speed (S.S. 3 = 16 Ktsl: $")')

.

)

.i -

READ(1,%) WVKT T
* % ..'1 n"“ ',\4'__
PN A A
IF(WVKT .GT. 0.0 .AND. WVKT .LT. 16.5) TZ = 7.5 e
IF(WVKT .GE. 16.5 .AND. WVKT .LT. 21.5) TZ = 8.8 oY
IF(WVKT .GE. 21.5 .AND. WVKT .LT. 27.5) TZ = 9.7 ST
IF(WVKT .GE. 27.5 .AND. WVKT .LT. 47.5) T2 =12.4 NN A
IF(WVKT .GE. 47.5 .AND. WVKT .LT. 55.5) T2 =15.0 .9
IF(WVKT .GE. 55.5 .AND. WVKT .LE. 63.0) TZ =16.4 e
IF(WVKT .GT. 63.0 ) TZ =20.0 gy
%k o
o
WRITE(1, ' (/)") e
WRITE(1,' ("** Specify the Wind Direction ° A
+ s/, "** with respect to the X-axis 1n deg. - -
READ(1,*) THSTD
IF(NSP.LT.4) GO TO 50
* Kk

36
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